Abstract-The third order seepage parabolic partial differential equation (which models the fluid flows) was solved by two types of finite differences methods, which are Alternating Direction Explicit (ADE) method and Alternating Direction Implicit (ADI) method subject to some boundary and initial conditions. We compared the numerical results for the two methods. First, we derived the finite differential form of ADE and ADI methods for the given model and then presented an algorithm for each method. The resulting systems of linear algebraic equations were solved using Mathematica software. The solutions were represented graphically in three dimensions and interpreted. We also studied the numerical stability of both methods by matrix Method. We observed that the seepage flow decreased with distance from the source (dam) and also the smaller the mesh sizes, the finer the decrease in the fluid seepage. Seepage is a very slow process. Fluid seeps few meters in several years. That is why the slope of the surfaces decreases slowly.
INTRODUCTION
LUID flow equations are usually difficult to solve analytically, because either the flow is described by a non-linear Partial Differential Equation (PDE) that is complicated or the medium properties are heterogeneous. In such cases, numerical methods can be employed to obtain reliably approximate solution. The main reason for preferring numerical methods is that solutions will be obtained for many problems which are not susceptible to analytical treatment and are also suited for computer oriented numerical methods. Partial Differential Equations (PDEs) form the basis of very many mathematical models of physical, chemical and biological phenomena, and more recently they spread into economics, financial forecasting image processing and other fields. According to Morton & Mayers (2005) investigations of the predictions of PDE models of such phenomena, it is often necessary to approximate their solution numerically, commonly in combination with the analysis of simple special cases; while in some of the recent instances the numerical models play an almost independent role. Parabolic partial differential equations in one, two or three space dimensions with over-specified boundary data feature in the mathematical modeling of many important phenomena. Douglas & Peaceman (1955) found that while a significant body of knowledge about the theory and numerical methods for parabolic partial differential equations with classical boundary conditions has been accumulated, not much has been extended to parabolic partial differential equations with over-specified boundary data. According to Ming-shu & Tong-ke (2000) we often meet the problem of solving equation of parabolic type in many fields such as seepage, diffusion, heat conduction among others. The motivations of this research are:
 In compression to determine the rate of settlement of a foundation or structures  Evaluation of strength and safety factors of an embankment  Determination of rate of leakage through an earth dam
The general objective of the study was to solve the onedimensional third order seepage parabolic partial differential equation given in equation (1.1) numerically using finite difference method. The specific objectives are:  To formulate an algorithm for solving the seepage equation for fluid flow  To discretize the system of differential equations governing fluid flow.  To develop computer codes for implementing algorithm for solving fluid flow problems
The contributions of this research are:  To enable scientists and engineers in understanding fluid flow and hence trigger ways of prevention of seepage through porous materials  To apply knowledge of fluid flow in concrete structures of foundations and determine the rate of settlement of foundations.
The results of this study would be of great use to civil engineers, earthquake engineers and other engineers and would also contribute significantly to mathematical knowledge in this selected field of study.
II. LITERATURE REVIEW
Noye & Hayman (1994) used ADI to solve the two dimensional time-dependent heat equations subject to a constant coefficient. Dehghan (2002) 
which is closely similar to seepage equation using operator splitting techniques. Ronald & Lee (1988) solved
where a and b are constants subject to some general initial conditions using Fourier transforms. The solution was in terms of integrals. Abdelfatah & Nabil (2006) 
The integral cannot be evaluated analytically. Moreover the integral is improper because the integrand tends to infinity and zero at the lower limit and upper limit respectively. This is of no practical consequence. There is need therefore to get numerical solutions which can be used to describe a physical phenomenon.
Partial Differential Equation
Many physical problems in science and engineering when modeled mathematically leads to a PDE. According to Rao Sankar (2004 
The Taylor's series expansions of , +1 and , −1 will be
6
In a similar manner (3.4) and (3.5) gives 
This can be written as
Similarly for central difference, it can be shown that;
Equations ( 
which can be written as
which is second order accurate. The central difference approximation to a second order partial derivative 
which is second order accurate.
Discretization of Equation (1.1)
Discretization of Equation (1.1) could be obtained by replacing partial derivatives with their difference analogues. 
Alternating Direction Explicit (ADE) Method
The Alternating Direction Explicit (ADE) method for generating numerical solutions to the diffusion equation is stable for some time because it is an explicit method; it holds a speed advantage over implicit methods for computations over a single time level [Lepidus & Pinder, 1982] the explicit methods in which the solution at the new time step is formed by a combination of pervious time step solutions. When we consider a square region 0 ≤ ≤ 1 2 , and 0 ≤ ≤ 1 2 .
Alternating Direction Implicit (ADI) Method
The 
III. NUMERICAL SCHEMES AND STABILITY ANALYSIS

Mathematical Formulation
Methods
In this study we intend to develop the numerical schemes using Alternating Direction Explicit (ADE) and Alternating Direction Implicit (ADI) finite difference methods to solve the seepage equation. The method obtains a finite system of linear or nonlinear algebraic equations from the PDE by discretizing the given PDE and coming up with the numerical schemes analogues to the equation, in our case the seepage equation. There are conditions that must be satisfied if the solution of the finite difference equations is to be a reasonably accurate approximation to the solution of the corresponding PDE. These conditions would be associated with the concepts of stability and convergence. In this study therefore, we would test these concepts for the numerical schemes developed. We would then solve the equation subject to the given boundary and initial value conditions. Mathematica software would be used to generate values in this study.
Discretization of the Partial Derivatives
The finite difference technique basically involves replacing the partial derivatives occurring in the partial differential equation as well as in the boundary and initial conditions by their corresponding finite difference approximations and then solving the resulting linear algebraic system of equations by a direct method or a standard iterative procedure. The numerical values of the dependent variable were obtained at the points of intersection of the parallel lines, called mesh points or nodal point.
Numerical Schemes and their Stability Analysis
We developed two numerical schemes and analyzed their stability as follows;
A. Alternating Direction Explicit Scheme (ADES)
From our equation 
B. Stability Analysis of Alternating Direction Explicit Scheme (ADES)
We use the matrix method to analyze stability of the scheme (3.2) Expanding this scheme by taking = 0, = 1, 2, 3, … − 2 , ( − 1), we get the system of equations
The Writing the system in matrix form we get
The system can be written compactly as
Where I is an identity matrix of order ( − 1) × ( − 1), is a constant vector where 
For a tridiagonal matrix, the modulus of the eigenvalues of the amplification matrix should be less than or equal to unity.
 
  which is the stability criterion condition. 
C. Alternating Direction Implicit Scheme (ADIS)
, we get the system of equations
where I is an identity matrix of order ( − 1) × ( − 1), is a constant vector and
where, H=
Eigenvalues of Eigenvalues of
Which meets the stability criterion condition for < 0, > 0.
IV. RESULTS AND DISCUSSION
Case 1
If 2 This is due to large volume of water at the surface and also at the source. The fluid flow also experiences friction due to viscosity and medium particles such as soil. We note that for each i value, i=1,2,………,15, the seepage flow increased with increase in j value and for each j value, j=0,1,2,3, the seepage flow decreases as i-value increases steadily. We note that for each i value, i=1,2,………,15, the seepage flow increased with increase in j value and the increase is more than that of the corresponding ADES case. F or each j value, j=0,1,2,3, the seepage flow decreases as ivalue increases steadily but at a slower pace than in the corresponding ADES case. We note that for each i-value, i=1,2,………,15, the seepage flow increased with increase in j value and for each j-value, j=0,1,2,3, the seepage flow decreases as i-value increases steadily But the seepage flow decrease is slower than the corresponding ADES scheme in case 1 above. We note that for each i-value, i=1,2,………,15, the seepage flow increased with increase in j value and for each j-value, j=0,1,2,3, the seepage flow decreases as i-value increases steadily
But the seepage flow decrease is slower than the corresponding ADIS scheme in case 1 above also the flow is slower than the ADES scheme in case 2.
Assumptions of the Study
The following assumptions were made:
 The fluid flow was assumed to be laminar.  The fluid particles were assumed to be irrotational.  The fluid flow was steady, perfect and incompressible.  The variation of density of the fluid flow is negligible.
V. CONCLUSIONS
The study managed to analyze Finite Difference method for parabolic partial differential equations, results were obtained, and tabulated and graphical presentations made. The two schemes developed namely Alternating Direction Explicit and Alternating Direction Implicit schemes had added mesh points, that is +2, , +2, +1 , −2, , −2, +1 , as seen in Equation (3.14) led to mesh refinement. The schemes developed were stable for all values > 0 and > 0. We found that the smaller the mesh sizes, the more finely the results.
From the diagrams, the following can be interpreted:  The surface of the plot is not smooth because the differential equation is satisfied only at a selected number of discrete nodes within the region of integration.  For a given value of x, u(x,t) increases to nearly one as t tends to infinity.  For a given value of t, u(x,t) decreases to nearly zero as x tends to infinity.  The smaller the mesh size the more slowly the seepage tends to zero. The solutions ( , ) of equation (1.1) decrease with increase length of the fluid seepage from the source. Seepage is a very slow process. Fluid seeps few meters in several years. That is why the slope of the surface decreases slowly.
The solutions show that as → ∞, the fluid flow decreases and it may eventually cease. 22nd December, 1956 He is currently a lecturer at the University of Nairobi (November 2011 -Present) responsible for carrying out teaching and research duties. He plays a key role in the implementation of University research projects and involved in its publication. He was an assistant lecturer at the University of Nairobi (January 2009 -November 2011). He has published 7 papers on heat transfer in respected journals. Supervision of postgraduate students  Masters of science in applied mathematics: (8 completed and 8 ongoing)
